As an island ecosystem, Djerba, a region of Tunisia located on the southern shore of the Mediterranean Sea, is characterized by limited natural resources and threatened by land degradation due to rapid socio-economic development and heavy human-induced changes to the landscape. The objective of this study is to build a system based on computer vision and remote sensing data for monitoring changes in the coastal zones of an island. We employed monthly Landsat Thematic Mapper (TM) satellite images of the study area ranging from 1984 to 2009. The images were preprocessed using the Speeded Up Robust Features (SURF) algorithm to superimpose remote sensing images at exactly the same coordinates. We then used two comparison techniques to auto-validate the detection of changes. The first technique is based on a window-to-window comparison of the coastal zones and the second technique compares shoreline changes using edge detection. Three highly affected regions were identified. The Bin El-Ouidiane (in the southeast) and Rass Errmal (in the north) regions underwent deposition during the study period, whereas the region of Rass El Kastil (in the north) underwent high erosion.
Introduction
Mediterranean coastal zones are under great pressure from both human intervention and natural processes (marine current, waves, tides, etc.). As a result, nearly half of the region's coastal zones have changed markedly during the last two decades (Ravaioli et al., 2009; Bethoux & Gentili, 1996) . During this time period, Djerba Island, one of Tunisia's premier destinations for European tourism, has seen a rapid development of tourist facilities and an increase in the population of the coastal zones, causing several coastal problems. Policies and action plans are urgently required to prevent the deterioration of coastal ecosystems and to realize a sustainable development of the resources on the island.
Previous studies have examined coastal changes in the Mediterranean. Ricchetti et al. (2004) studied the coastal areas of the Salento Peninsula (southern Italy) which was suffering from erosion along its coasts; more recently, Ravaioli et al. (2009) presented an observation system for Italian coastal zones. Ahlin and Niemeyer (2009) studied the coastal monitoring of Gaza using remote sensing and a geographic information system (GIS), detailing the processes of sedimentation and erosion around the region. Shalaby and Tateishi (2006) used remote sensing and GIS for mapping and monitoring land cover and land-use changes in the north western coastal zone of Egypt. As for previous studies on the coastal zone around our study area, we refer to the national report carried out by the Tunisian Ministry of Environment and Territory Planning,, which presents statistics and general information about coastal changes in all Tunisian territories. This report classifies the coastal zones of Djerba as one of the most affected coasts in Tunisia. In terms of academic studies, Sammari et al. (2006) considered sea level variability and tidal resonance in the Gulf of Gabes. Based on measurements carried out between 1999 and 2003, this study demonstrates that tidal changes can reach 1 m. Masmoudi et al. (2005) studied the evolution and morphodynamics of the barrier island system south east of Djerba. All the previous studies mentioned that changes have taken place around the coastal zones of Djerba, but no specific and precise information about the most affected regions and the degree of change have been given. Therefore, a study of the changes to the coastal landscape in recent decades is required to determine the most affected regions and to clarify the dynamics of these changes through a historical view of the island. The waterway underneath this bridge is the only connecting point between the Gulf of Boughrara and the eastern part of the island. Near this bridge are the barrier islands, studied by Masmoudi et al. (2005) , which are considered to be one of the most affected parts of the island. The ecosystem around this part of the island has changed dramatically. As the majority of the population of Djerba lives within the coastal zones, it is necessary to appreciate the effects of agricultural, industrial, and other human activities on coastal habitats and water quality, as well as to understand the impact of these changes on ecological dynamics, ecosystem health, and biological diversity. The objective of this research is to build on existing long term data that is critical to the understanding of future short-term changes in Djerba.
The intention is to determine -based on long-term trends (25 years) -where high rates of shoreline erosion and sedimentation may occur during the next few years and thus provide useful information to understand and to prevent the consequences of coastal changes on Djerba.
Material
As high resolution data is costly, uncommon, and often entirely unavailable for a long period for the study area, Landsat TM images were used as source material. These images were acquired between 1984 and 2009 (Table 1) . Landsat 4 and 5 carry the TM sensors. The satellites orbit at an altitude of 705 km and provide a 16-day, 233-orbit cycle with a swath overlap that varies from 7 percent at the Equator to nearly 84 percent at 81º north or south in latitude. These satellites were designed and operated to collect data over a 185 km swath. The TM sensor primarily detects reflected radiation from the Earth's surface in the visible and near-infrared (NIR) wavelengths. The TM sensor has seven spectral bands. The wavelength range for the TM sensor is from the visible through the mid-IR and into the thermal-IR portion of the electromagnetic spectrum. The images were collected using the image viewer on the USGS site (http://glovis.usgs.gov/). The tide depends mainly on the relative positions of the Moon, the Sun, and the Earth. The lowest tides of the year occur during the winter and summer solstices and the highest tides occur during equinoxes. A solstice is an astronomical event that happens twice each year when the Sun's apparent position in the sky reaches its northernmost or southernmost extreme. An equinox occurs twice a year, when the tilt of the Earth's axis is inclined neither away from nor toward the Sun, with the center of the Sun being in the same plane as the Earth's equator. To perform better comparisons, we selected images acquired near solstice and equinox dates (Table 2) , thereby avoiding differences in the tide level. After checking the list of available images, we chose the list given in The graphs in Figure 3 present the tides at Djerba Hawmet Essouk station for the selected image dates. These graphs were generated using WXTide32 software, which predicts tides from 1970 until 2037 around the world. In these graphs, we can suppose that the tide levels can be ignored because the difference between the reference date tides (1984) and the most recent tides (2009) are around 0.3 m. These differences are too small to be detected in the TM images, which have a resolution of 30 m. Figure 3 . Tides approximation for image set using WXTide32 software
Methodology
We followed a three step methodology to detect changes in the coastline (Figure 4 ). The first step was a preprocessing step where we used the SURF algorithm to extract the study area from satellite images. Then, change detection was carried out using two different techniques: window-to-window comparison and shoreline change detection. After validating the changes reported by the two techniques, we classified individual changes as being due to either erosion or sedimentation.
We based our choice of bands for the best detection of the coastline on the work of P. S. Frazier and K. J. Page (2000) . It demonstrates that Band 5 gives better separation between the land and sea and results in the best detection of the coastline. Band 5 wavelengths are between 1.55 and 1.75 µm (near-infrared).
Preprocessing
To optimize the processing time of the change detection algorithm, we manually cropped a sub-image containing only the study area from the image acquired on 1984/06/18. As the sensor acquires the images in 16-day cycles, the acquiring position can be slightly different from one date to another. To avoid this problem, we automated the referencing and the cropping of the study area in different images using We have chosen the application of the Canny algorithm on binary images because its edge detection is better than detection using grayscale images ( Figure 6 ). The output edge from the grayscale image contains discontinuities, such that it cannot serve as a model of the coastline. These arise due to the difficulty in detecting changes near marsh areas. Figure 6 . Coastline extraction
Change Detection
We combined two techniques to ensure superior detection of changes; we will refer to this method as shoreline changes by auto-validation. The first technique detects changes using window-to-window comparison of the binary image. The second uses shoreline changes based on edge detection. If the changes are confirmed in the two outputs of changes, we can then identify whether it is erosion or sedimentation using the window-to-window comparison technique.
We start by presenting the technique based on window comparison. It begins with the segmentation of the binary image of the study region into windows ( Figure 7 and Figure 8 ). Then, to optimize the processing time, we select windows using edge images. A window is selected if using this technique, a window with the same coordinate as in the binary image contains an edge, meaning that it must contain a coastal zone. We compared the image The second detection technique is based on shoreline changes. Thus, this technique was based on edge images. As the edge detection process does not give a 1-pixel line, we applied a process of simple skeletonization of the edge so that we were able to produce a 1-pixel shoreline. Here, we wish to emphasize that the images have the same sizes and references due to preprocessing using the SURF algorithm to crop our study region from the satellite images.
The rates of shoreline changes were calculated as follows:
 For each part of the island, we defined a local baseline of comparison. For the north coast of the island, we compared the coordinate of the shoreline pixels proportional to the first horizontal line of the image. For the south coast, the baseline was the image's last horizontal line. For the west coast, it was the image's first vertical line and for the east coast, it was the image's last vertical line.
 The transects were spaced at 600 m intervals both horizontally and vertically. Every coast transect was perpendicular to the corresponding baseline of the shoreline.
 These processes were applied to all the images and in the same manner.  To calculate the change between two dates, we only have to calculate the difference between the distances of the shoreline pixel in the same transect. 
Results and Discussion
The results indicate that the rate of change varies along the coastline. However, the western coastline exhibits in general a negative rate of change along the coastline. Meanwhile, the south, north, and east coasts of Djerba showed positive rates of change, but there is an extremely negative rate around the "Sabkha of Aghir" near "El Kantara". Based on the results from the two techniques, three regions were considered to be highly changed regions: Bin El-Ouidiane, Rass Errmal, and Rass El-Kastil.
Bin El-Ouidiane
The barrier island system studied by Masmoudi et al. (2005) was detected using our algorithms; it reveals several recent sand bodies that show an extraordinary and quick evolution (See Figure 8) . This process has influenced the ecosystem of the Gulf of Boughrara (Sammari et al., 2005) .
Rass Errmal
The remarkable positive rate of change in the north side of the island shown in Figure 9 reflects deposition on "Rass Errmal". The same change was detected using the comparison technique (See Figure 7(a) ). Based on the results of the second techniques, the extension in Rass Errmal between 1984 and 2009 was found to be around 500 m.
Rass El-Kastil
Figure 7(b) shows a barrier island system that developed near this area. The remarkable positive rate of change in the north side occurred around "Rass El-Kastil" (Figure 10 ).
In our method, we used Landsat TM which provides medium spatial resolution data at 16-day intervals over a long archival history, exceeding 25 years in most locations. The long archive period and repetitive capture makes the data useful for mapping bodies of water at a regional scale over a range of hydrological conditions and especially for island regions. Also, this method was based on two techniques to ensure the detection of changes from two perspectives. The execution time using this method was reduced by choosing a technique that windowed the coastal zones based on the edge detection technique.
According to this study, the analysis of medium resolution satellite imagery can give an indication of coastal changes; however, precise spatial results cannot be expected. In future works, high resolution images will be used in the highly changed regions and will be combined with this study and data collected from on-the-ground observations to evaluate the rates of change by year. 
Conclusion
This work has focused on the development of an algorithm to detect the shoreline changes of an island using Landsat data. The method is based on two techniques to detect the changes and to auto-validate the changes for greater accuracy.
In general, a negative rate of change was calculated along the western coastline. However, the north, east, and south demonstrated positive rates of change, though there are also remarkable and important negative rates on these sides of the island. The added value of the developed methodology is that all the process of detection was automatic and occurred without any human intervention. As future work, data will be collected by field work to explain and to find the causes of the changes during the 25 year period. We will present a hypothesis to explain the cause of the changes in some regions; for example, the narrow opening of the bridge around "El Kantra" could be the primary contributor to the changes measured around the eastern and the south-eastern coasts. Future studies will be concentrated around the most affected regions (Rass Errmal, Bin El-Ouidiane and Rass El-Kestil) to develop a system to control the changes around these regions and to help decision makers determine what action is needed to decrease the variability of changes.
